centrifugation and washed with cold phosphate buffer (100 mM, pH 7.0) containing 15% sucrose. The pellet was resuspended in phosphate buffer (100 mM, pH 7.0) containing phenylmethanesulfonyl fluoride (2 mM). Cells were disrupted by two passes through a French press at 20,000 lb/in2. The lysate was centrifuged at 27,000 x g for 25 min at 4°C.
Dehalogenase assays were carried out by mixing cell extracts with either 4-chlorobenzoyl CoA (0.1 mM) or 4-chlorobenzoate (1 or 0.2 mM), CoA (0.1 mM), ATP (1 mM), MgSO4 (1 or 5 mM) and (in some cases) an ATPregenerating system consisting of phosphocreatine (10 mM) and creatine phosphokinase (0.1 mg/ml). The mixture contained either phosphate buffer (25 mM, pH 7.2) or Tris-HCl (25 mM, pH 7.2). Aliquots were removed at intervals for high-performance liquid chromatography (HPLC) or for phosphate determination. HPLC analysis was carried out by using a C-18 column with mobile phases consisting of mixtures of sodium acetate buffer (50 mM, pH 5.2) and methanol. Phosphate was assayed as described by Ames (2) .
Dehalogenation of 4-chlorobenzoate by extracts of Acinetobacter sp. strain 4-CB1 is stimulated by the combination of ATP and CoA (Fig. 2) (3) , and when no CoA remained, the solution was recovered, leaving behind undissolved 4-chlorobenzoyl chloride. 4-Chlorobenzoyl CoA was purified by anion-exchange chromatography with a gradient of triethylammonium bicarbonate (20 to 800 mM, pH 7.5). Triethylammonium bicarbonate was removed by rotary evaporation from isopropanol.
In order to determine whether 4-chlorobenzoyl CoA is formed during degradation of 4-chlorobenzoate in Acinetobacter extracts, cell extracts were mixed with 4-chlorobenzoate, ATP, CoA, and Mg2+ and the progress of the reaction was followed by HPLC. Accumulation and then disappearance of 4-chlorobenzoyl CoA was observed (Fig. 3) .
The fate of 4-chlorobenzoyl CoA in Acinetobacter cell extracts was determined by mixing 4-chlorobenzoyl CoA with cell extracts and following the progress of the reaction by HPLC. Figure 4 shows HPLC with authentic 4-hydroxybenzoyl CoA synthesized as described by Merkel et al. (9) and purified by anion-exchange chromatography. (The identity of the synthetic 4-hydroxybenzoyl CoA was confirmed by comparison of its 'H-nuclear magnetic resonance spectrum with that published by Mieyal et al. [10] .)
The data presented above demonstrate that 4-chlorobenzoyl CoA is produced and dehalogenated during the degradation of 4-chlorobenzoate inAcinetobacter extracts. On the basis of our results, the pathway for 4-chlorobenzoate degradation in Acinetobacter sp. should be amended as shown in (Fig. 5) . A similar pathway has been demonstrated for 4-chlorobenzoate degradation in Pseudomonas sp. strain CBS3 (6, 15) .
The actual substrate for the dehalogenation reaction during degradation of 4-chlorobenzoate by Acinetobacter sp. strain 4-CB1 is 4-chlorobenzoyl CoA. The reason for the thioesterification of 4-chlorobenzoate is unknown, although three possible roles for the CoA moiety may be proposed. One possible role of CoA is to retain hydrophobic metabolites in the cytoplasm by preventing diffusion through the cellular membrane. A second possible role of CoA is to serve as a "handle" by providing a large number of binding sites for recognition by enzymes. In addition to optimizing recognition, the binding energy thus achieved might be utilized in catalyzing the chemical transformation. A third possible role of CoA is to actually facilitate the dehalogenation reaction itself. A thioester is a more electron-withdrawing substituent than a carboxylate. Thus, the CoA might stabilize a negatively charged transition state and accelerate the dehalogenation reaction. However, the importance of the CoA in facilitating the dehalogenation reaction depends upon the mechanism of the enzymic reaction.
One possible mechanism for the dehalogenation reaction is the SNAr mechanism shown in Fig. 6 . The dependence of the rate of SNAr reactions in substituted chlorobenzenes upon the nature of the substituents has been studied by , who demonstrated a linear relationship between log k and the electron-withdrawing ability of the substituent (quantitatively expressed as a o-value). From their data, we estimate that the rate of substitution of 4-chlorobenzoyl CoA would be approximately 1. faster than that of 4- 
